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Abstract 
This thesis presents theories and techniques for the electrical characterization of hot 
carrier in advanced NMOS transistors. In this work, the mechanism responsible for the 
shift in the worst-case hot-carrier degradation in the bulk-Si device is presented. This 
deviation is caused by the injection of high-energy-tail electrons into the gate oxide, 
when the oxide field near the drain region becomes increasingly favorable as the gate 
voltage approaches the drain voltage. Further analysis probes the role of this group of 
electrons in the interface state generation. Experimental evidence revealed a composite 
interface trap generation mode when the transistor is subjected to the channel hot-
electron stress. The influence of these electrons on the interface-trap generation is 
more dominant when the stress voltage reduces below 2 V. A series of experiment was 
conducted on the strained-Si transistors in the similar framework. It was revealed that 
the dopant profile near the STI/active region could make narrow width effect in 
strained-Si/SiGe differ from that in the bulk Si. In addition, the dopant profile could 
also play an important role on the injection efficiency of high-energy-tail electrons in 
the bulk Si transistor. Despite a lower injection efficiency of these electrons, the spatial 
oxide interface damage is significantly higher in strained-Si/SiGe than that in bulk Si. 
A new mechanism is proposed to address this non-localized interface state generation 
in the strained-Si/SiGe transistor. This phenomenon can be attributed to the increase in 
high-energy tail electrons in the channel induced by the self-heating effect. Further 
evidence corroborates this hypothesis when the damage is reduced under lower duty 
cycle stress condition. Lastly, experimental evidence revealed that high channel 
temperature caused Ge to outdiffuse towards the surface when the device was 
subjected to hot-carrier stress. Nevertheless, the impact of this Ge outdiffusion on the 
interface state generation is insignificant.  
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